Introduction {#sec1-1}
============

Complex regional pain syndromes (CRPSs) Type I (reflex sympathetic dystrophy) and Type II (causalgia) have been considered as a dysfunction of the autonomic nervous system, partially sympathetically-maintained in view of the trophic changes, increased sweating and lower temperature commonly observed.\[[@ref1][@ref2]\] First-line treatment includes pharmacological therapy, physical rehabilitation, and occupational therapy. Stellate ganglion blocks (SGBs) had been reserved for therapy-refractory cases with a 2B+ recommendation (benefits closely balanced with risk and burdens) only.\[[@ref3][@ref4][@ref5]\] However, recent studies suggest a higher efficacy of SGB if given within 12--17 weeks of onset of symptoms.\[[@ref2][@ref6][@ref7]\]

Image-guided SGBs have increased safety and accuracy as compared with blind, landmark-based as well as fluoroscopic techniques.\[[@ref2][@ref4][@ref7][@ref8]\] Ipsilateral Horner\'s syndrome (HS) almost always develops after SGB and is taken as evidence of a successful sympathetic blockade of the upper limb. However, development of HS itself does not ensure a complete sympathetic blockade. An ipsilateral warming of 1.5°C--7.5°C of the arm has been variously reported as being a more reliable indicator of sympathectomy.\[[@ref2][@ref3][@ref6]\]

A series of SGB at the Pain Clinic in a Tertiary Hospital of the Armed Forces were evaluated with the hypothesis that SGB can achieve at least 3 point reduction in numeric pain rating scale (NPRS) as well as a \>10 point reduction in Disabilities of the Arm, Shoulder and Hand questionnaire (DASH)\[[@ref9][@ref10]\] from the baseline spontaneous and provoked values. The primary objective was to measure the extent of pain relief following SGB. The secondary objective was to see the percentage of patients with the ipsilateral warming of the upper extremity with or without HS who had a reduction in pain relief and symptoms of CRPS.

Material and Methods {#sec1-2}
====================

After the approval of the Hospital Ethics Committee (reference number: 03/11/Mar/BHDC-14 of Base Hospital, Delhi Cantt, Indraprasth University on 11 Mar 2014), all diagnosed patients as per the Budapest Criteria for CRPS referred to the Pain Clinic were enrolled into the study. Inclusion criteria included patients more than 18 years of age, on prior medications for at least 3 months continuously, which then would not be altered during study. In the case of a \<3 point reduction in NPRS or a \<10 point reduction in the DASH score at the time of review after 3-weeks, a repeat SGB was considered. All injections were included in the study. All patients were subjected to a Short Portable Mental Status Questionnaire (SPMSQ) indicating intact or mildly impaired cognitive functioning.\[[@ref11]\] Those who refused inclusion, had exclusion comorbidities, an SPMSQ score of \<6 and change in medication during the study were excluded from the study.

Written informed explained consent for the procedure, its possible complications and study participation was obtained from all patients.

Technique {#sec2-1}
---------

Patients were positioned supine after securing a peripheral intravenous line and applying standard five parameters non-invasive monitoring. Head was rotated to contralateral side and neck slightly extended. Patients were instructed not to speak during the procedure.

The longus coli muscle in the neck was identified ultrasonically by placing the transducer (phased array transducer, frequency 4--15 MHz; Terason, U Smart 3200T, Teratech Corporation, Burlington, USA) transversely on the ventromedial aspect of the neck, 1 cm inferior to the cricoid cartilage on the side to be blocked. A 22 Gauge single-shot needle (Stimuplex ^®^ Ultra, B. Braun, India) was inserted up to the prevertebral fascia on the longus coli following skin infiltration. The tip was repositioned if any paresthesia of the arm or hand was elicited. After negative aspiration, 6 ml of a local anesthesia mixture (LAM) including 5 ml 0.3% bupivacaine and 4 mg dexamethasone was injected. The spread of LAM around the longus coli muscle was observed. After needle withdrawal, patients were positioned in a 30° upright position to ensure proper spread.

Development of ipsilateral HS (ptosis, miosis, enophthalmos, facial anhidrosis, and conjuctival injection) within 10 min of the first injection was taken as the primary end-point for inclusion into the study.

Data were collected on four occasions following each injection: Initially, before the injection, followed by 1 h postinjection. Two follow-up assessments were done-1 and 3 weeks later and depending on relief of symptoms, the block was repeated after 3 weeks. To increase inter-rater reliability, a second rater conducted a second assessment.

Documented observations included distal skin surface temperature of both upper extremities pre- and postblock using fever scan (FirstCry India). An increase in local temperature of \>2.0°C in the ipsilateral arm along with the HS was taken as complete sympathetic nervous system blockade. Other signs of sympathetic blockade were noted (flushing of face, nasal stuffiness, and lacrimation). Complications were recorded.

On all four occasions, patients were instructed for the use of NPRS (0 = no pain; 10 = worst pain imaginable) and values for spontaneous and provoked pain were documented. The range of motion (ROM) in all the joints of the affected upper extremity was recorded. Functional assessment was done by the DASH questionnaire.\[[@ref9]\] The score was calculated as (\[sum of n responses\]/*n*)−1) where *n* represented the number of completed items and expressed as a percentage. If up to three items were missing, patients were included as intention-to-treat. Those who had a repetition of up to three items of the DASH score missing were excluded from the analysis. A 15-point "global rating of change" scale was used as an anchor of the DASH score. Participants were asked to answer "Since your last visit, how much change has there been in the function of your arm?". Scoring options ranged from "−7 a very great deal worse" through "0 no change" to "+7 a very great deal better." Interpretation of the scores were: 0 and ±1 were considered "no change," ±2 and ±3 a "small change" and equivalent to the minimal clinically important difference (MCID), ±4 and ±5 a "moderate change," and ±6 and ±7 a "large change."

The outcome measures were a minimal detectable change (MDC) and a MCID of 2 points of the NPRS and the MDC of 11 points and an MCID of 15 points of the DASH questionnaire. Participants who demonstrated a change beyond the MDC and MCID of the NPRS and DASH were considered to have achieved a successful outcome. For comparability of pain reduction levels, patients were classified as good (\>50%) pain reduction, moderate (30%--50%), and poor (\<30%) pain reduction responders, based on their individual degree of pain reduction.\[[@ref6]\]

Statistical analysis was performed by the SPSS program for Windows, version 22.0 (SPSS, Chicago, Illinois, USA) and Microsoft Excel (Microsoft, Redmond, WA, USA). Descriptive statistics were used to describe sample characteristics. Continuous variables are presented as the mean ± standard deviation (SD), and categorical variables are presented as absolute numbers and percentage. Data were tested for and fulfilled assumptions for parametric calculations (Shapiro--Wilk test). Change scores of the outcome measures between initial assessment and follow-up were calculated and evaluated with paired *t*-tests for significance testing of change and evaluated with the Cohen\'s *d* effect size for head-to-head comparison of change measured using the outcome measures. The sensitivity to change was calculated by the change divided by SD of change,\[[@ref10]\] whereas the Wilcoxon signed-rank test was used for those variables that were not normally distributed (pain scores). Categorical variables were analyzed using either the Chi-square test or Fisher\'s exact test. For all statistical tests, a *P* \< 0.005 was taken to indicate a significant difference.

Results {#sec1-3}
=======

A total of 208 patients reported to the Pain Clinic over 2 years. The study group received a total of 334 SGB. Thirty-one patients did not develop HS and were not included in the study. Sixteen patients were excluded as 11 changed their initial pharmacotherapy and 05 were lost to follow-up.

A total of 287 injections to 161 patients were subjected to statistical analysis. The demographic data are given in [Table 1](#T1){ref-type="table"}. The pharmacotherapy was noted but not analyzed \[[Table 1](#T1){ref-type="table"}\].

###### 

Demographic data

![](JOACP-33-534-g001)

All patients developed ipsilateral HS. Ninety patients (55.9%) needed more than one SGB due to persistent symptoms with a majority requiring two injections 3 weeks apart (69/161 patients; 42.9% and 138/287 injections; 48.1%). Only 57.1% of patients (92/161) were moderately satisfied with the outcome of their treatment (179/287 injections; 62.8%). Increase in ipsilateral temperature of \>2.0°C was seen following 68.6% injections, ranging between 7.3% and 30.3% as per the number of injections (197/287) \[Tables [1](#T1){ref-type="table"} and [2](#T2){ref-type="table"}\].

###### 

Observations (sympathetic blockade and level of satisfaction)

![](JOACP-33-534-g002)

Satisfaction levels were significantly lower (*P* \< 0.005) following those injections in which an increase in ipsilateral limb temperature of \>2.0°C was not observed (12.2% vs. 5.6%) \[Figures [1](#F1){ref-type="fig"} and [2](#F2){ref-type="fig"}\]. Facial flushing was observed in 72.1%, nasal stuffiness in 56.1%, and lacrimation in 21.6% of injections \[[Table 2](#T2){ref-type="table"}\].

![Patient satisfaction in patients with increase in ipsilateral limb temperature of \>2.0°C](JOACP-33-534-g003){#F1}

![Patient satisfaction in patients with increase in ipsilateral limb temperature of \<2.0°C](JOACP-33-534-g004){#F2}

Of the 8 patients who reported being dissatisfied with their outcome before giving their unwillingness for further blocks, 5 patients received 3 injection, 2 received 4 injections, and one patient received four SGB. Increase in temperature was demonstrated only in 6 of these 8 patients.

Evaluation of the self-reported questionnaire revealed a mean pain reduction of 73.2% (*r* = 54.86, *P* \< 0.001) regarding spontaneous and 55.8% (*r* = 55.5, *P* \< 0.001) regarding provoked pain \[[Table 3](#T3){ref-type="table"}\] with 79 patients reporting any ongoing pain. The sensitivity to change was 6.9 for spontaneous and 4.9 for provoked pain. The mean DASH score was 53 (range 36--63; *r* = 0.13; *P* = 0.14) which decreased to 10.4 (range 10--49.2; *P* = 0.005). The ROM was compared with the contralateral extremity on shoulder forward flexion and abduction, elbow flexion and extension, and forearm pronation and supination, wrist movements. Sixty-two patients (38.5%) had mild residual loss of ROM, with 41 demonstrating decreased forearm pronation and supination of 10° and 15°, respectively, and four demonstrating decreased shoulder internal rotation of 10°. Seventeen patients reported functional limitations, both related to overhead activities.

###### 

Observations

![](JOACP-33-534-g005)

The 62 patients with a decrease in ROM were sub-analyzed. None had an MCID of \<2 points of the NPRS. Five patients had an MDC of \<11 points and an MCID of 15 points of the DASH questionnaire Seven received only one injection; 41 received two; nine received three and five received \> three injections. Thirty-nine among these (59.7%) did not demonstrate a rise in temperature \>2°C. This was, however, not statistically significant.

Recorded blood pressure and the pulse showed an increase postprocedure but were not statistically significant. No electrocardiogram abnormalities were observed during the period of observation in any SGB.

A total complication rate of 11.1% (33 out of 287 injections) was observed. All complications were mild and self-limiting \[[Table 2](#T2){ref-type="table"}\]. None complained of breathing difficulty. On indirect laryngoscopy, ipsilateral vocal cord paresis was observed in all these patients.

One patient had a contralateral HS. 10 min after administration of third left SGB, right sided HS with mild right-sided facial flushing was observed, with no signs of sympathetic denervation on left side of the face. Both right and left arms demonstrated a rise in temperature with pain relief (pre-block NPRS 6 improved to NPRS 3 postblock) in the left elbow and left hand. An ultrasound scan showed bilateral drug spread, with spread on the right side more than the left.

There were no reported cases of inadvertent intravascular injection, spinal or epidural block.

Discussion {#sec1-4}
==========

CRPS encompass a variety of painful conditions following injury, which are disproportionate to the inciting event. Repeated SGB has been shown to improve outcomes, decrease pain and increase ROM in upper limb CRPS.\[[@ref1][@ref2][@ref5]\] A systematic review of literature included 29 studies that evaluated 1,144 patients on the role of sympathetic blocks in CRPS patients. The authors reported that 29% of patients had full pain relief, 41% had partial relief, and 32% had absent relief.\[[@ref12]\] Most of our patients (57.1%) responded to two injections with moderate pain relief while 4.1% had minimal pain relief even after \>3 injections. It is possible that our results differ as these patients were referred by physicians early in the course of CRPS.

Ultrasound guided SGB is now the standard of care. Chassaignac tubercle is only a surrogate marker as the cervical sympathetic chain lies on the prevertebral fascia.\[[@ref4]\] Structures that are at risk (vertebral artery, nerve roots, trachea, and esophagus) remain unseen under fluoroscopy.\[[@ref7]\] Transient side effects, (hoarseness, dysphagia), are commonly observed by fluoroscopic techniques\[[@ref13][@ref14]\] though severe complications such as intravascular injections, esophageal injury, and airway obstruction due to hematoma formation described with landmark techniques are avoided.\[[@ref3][@ref13][@ref14][@ref15][@ref16]\] Real-time visualization of the spread of the Local anesthetic depot yields a higher accuracy during placement of the depot.\[[@ref14]\] Feigl *et al*. investigated the distribution of three different volumes of solution in a total of 42 cadavers (84 halves) and concluded that 5 ml resulted in an almost ideal vertical distribution, whereas higher volumes of 10--20 ml were at risk of spreading both vertically as well as to other regions of the neck.\[[@ref17]\] A total volume of 6 ml was used in this study.

Stellate ganglion is formed by the fusion of the inferior cervical ganglion and the first thoracic (T1) ganglion. Other efferent sympathetic pathways described include extra-ganglionic sympathetic pathways and intermediate ganglions in the spinal roots of C8--T2, but these are not clinically significant. Resection of the second thoracic (T2) sympathetic ganglion is also required for near total sympathetic denervation of the upper limb. Pupillary fibers originate from T1 ganglion, pass through the stellate ganglion and synapse in the superior cervical ganglion. HS may develop without sympathectomy if only the upper half of the ganglion is affected. To confirm sympathectomy, an ipsilateral warming of 1.5°C--7.5°C of the arm has been variously reported,\[[@ref2][@ref3][@ref6]\] although an increase of 2.0°C is generally accepted as a definite sign for the same.\[[@ref18][@ref19]\] In this series, the increase in ipsilateral arm skin temperature was seen in 68.6% of the cases, with greater percentages seen with an increase in the number of injections \[Figures [1](#F1){ref-type="fig"} and [2](#F2){ref-type="fig"}\]. It is postulated that in the presence of existing vasoconstriction, as in late stages of CRPS, the skin temperatures show a greater rise, whereas large temperature differences are usually not seen in early stages.\[[@ref7][@ref8][@ref19][@ref20]\] The larger number of patients demonstrating an increase in temperature in this study (197 injections/287) could be due to the cut-off of 2.0°C even though there was a clinical improvement in CRPS with repeated injections.

In this study, the incidence of facial flushing, nasal stuffiness, and lacrimation observed correlates well with other studies as signs of sympathetic blockade.\[[@ref2][@ref3][@ref6][@ref7][@ref19][@ref21]\] Murakawa *et al*. reported a drop in ipsilateral tympanic temperature in 30 patients following SGB and opined that this is a better sign of sympathetic blockade.\[[@ref22]\] Matsukawa *et al*. however noted a slight, insignificant increase in ipsilateral tympanic membrane temperature 10 min after SGB and subsequently.\[[@ref23]\] Tympanic temperatures were not noted in this study.

Both subjective and objective measures were used as the former provides a different insight into the patient\'s problem than objective or performance-based measures. The DASH score has documented limitations inspite of widespread use which includes a combination of multiple measurement dimensions into a single outcome score, combined subjective and objective measures and lack of standardization.\[[@ref24]\] Hence, a 15-point "global rating of change" scale was used as an anchor of the DASH score.

Severe and possibly fatal consequences of SGB have been reported in the literature.\[[@ref3][@ref7][@ref12][@ref16]\] Direct spread of the LA can produce hoarseness, an elevated hemidiaphragm and dyspnea as a result of blockade of the recurrent laryngeal and phrenic nerve, respectively.\[[@ref3][@ref20]\] Transient ipsilateral vocal cord palsy was observed in 18 patients, which recovered without intervention by 2 h. Hence, SGB should be avoided in patients with contra-or bi-lateral vocal cord paralysis or palsy. Moreover, since the incidence of hoarseness of voice ranges from \<10% with volumes \<10 ml and up to 80% with 20 ml,\[[@ref4][@ref7][@ref18][@ref25]\] it is prudent to advise to advise a "Nil per os" status of a minimum 4 h duration. Injury to adjacent vascular structures, including the vertebral artery, carotid artery and internal jugular vein, can result in hematoma formation.\[[@ref3][@ref7][@ref26]\] There were 11 cases of local hematoma formation with no incidence of airway compromise. Pneumothorax, esophageal perforation, and chylothorax from thoracic duct injury have been reported due to the proximity of these structures to the stellate ganglion.\[[@ref3][@ref4][@ref7][@ref16][@ref20][@ref27]\] These are uncommon when the block is done under image guidance. There was only one case of pneumothorax which was small, not warranting intervention.

Neuraxial migration of LA into the epidural space, intrathecally or brachial plexus can occur.\[[@ref3][@ref4][@ref7][@ref22][@ref26]\] Two patients had transient ipsilateral brachial plexus involvement in this series evident by the presence of ipsilateral upper limb weakness.

Three cases of bilateral and four cases of contralateral HS have been previously reported in the literature.\[[@ref27]\] Postulated causes are LA migration to the contralateral side, cross-variations in stellate ganglion innervations or ipsilateral ciliospinal center inhibition. The LA can migrate to the opposite side if there is a medial angulation of the needle, injection given behind the longus colli muscle, or a large LA volume injected. The ciliospinal center of Budge lies in the spinal cord and may be inhibited by LA migration. This results in an ipsilateral pupillary dilation, facial hyperhidrosis, and lid lift which may be confused as contralateral HS.\[[@ref4][@ref27]\] In addition, it is also postulated that the cervical sympathetic trunk can be blocked independent of upper limb thoracic sympathetic fibers, especially when the drug is injected at the level of C6 tubercle.\[[@ref4]\] Similar findings can be seen in upper spinal cord lesions and Harlequin syndrome where hemifacial cutaneous sympathetic denervation is caused by the failure of the upper thoracic sympathetic chain with sparing of T1 segment. These suggest that bilateral sympathetic blockade occurs commonly, ranging from functional changes (such as increased hand warming and facial skin blood flow) without gross anatomic changes (such as HS) to a full spectrum.\[[@ref26][@ref27][@ref28][@ref29]\] In our series, we injected 6 ml LA, with the needle apparently perpendicular to the plane, although slight medial angulation of the needle cannot be ruled out. It is theorized that in this patient, the contralateral HS developed due to blockade of contralateral cervical and bilateral thoracic sympathetic chain.

Intravascular/intrathecal injection of LA can result in arrhythmia, seizures, bradycardia, hypotension, and cardiovascular collapse due to inhibition of sympathetic fibers. In addition, soft tissue infection, osteitis, and neuraxial infection (meningitis) may be seen.\[[@ref2][@ref7][@ref13][@ref14][@ref16]\] There were no such complications in this series.

Conclusion {#sec1-5}
==========

Serial SGBs attained an average reduction in pain by 3 NPRS points from patient\'s baseline for both spontaneous and provoked pain, in patients with CRPS already on pharmacotherapy. SGB\'s should be administered early in the course of CRPS and pharmacotherapy can be reduced subsequently. Development of HS does not ensure successful upper limb sympathetic blockade after SGB; demonstration of an ipsilateral increase in skin temperature should also be documented. Due to adjacent important neurovascular structures and underlying anatomical variations, various potential life-threatening complications can be associated with this seemingly simple procedure. Thorough anatomical knowledge, vigilant postprocedure monitoring and emergency preparedness are warranted.
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